The deep biosphere buried in marine sediments was estimated to host an equal number 18 of microbes as found in the above oceans 1 . It has been debated if these cells are alive 19 and active 2 , and their per cell energy availability does not seem to allow for net 20 population growth 3 . Here, we report the growth of anammox bacteria in ~80,000 year 21 old subsurface sediments indicated by their four orders of magnitude abundance 22 increase in the nitrate-ammonia transition zone (NATZ). Their growth coincides with a 23 local increase in anammox power supply. The genome of the dominant anammox 24 bacterium from the NATZ was reconstructed and showed an increased index of 25 replication confirming in situ active growth. The genome belongs to a new Scalindua 26 species so far exclusively found in marine environments, which has the genetic capacity 27 of urea and cyanate utilization and is enriched in genes allowing it to cope with external 28 environmental stressors, such as energy limitation. Our results suggest that specific 29 microbial groups are not only able to survive over geological timescales, but also thrive 30 in the deep subsurface when encountering favorable conditions. 31 32 Main text 33 The global cell numbers of microbes in marine sediments is estimated to be on the order of 34 2.9-5.4×10 29 equaling up to 1/3 rd of the total prokaryotic biomass on Earth 1,4 . A considerable 35 portion of these cells reside beyond the bioturbation zone and constitute the marine deep 36 biosphere 5 . Microbial cells in the subseafloor sediments are sealed off from recruitment of 37 new cells and fresh substrates from the surface, and therefore are thought to suffer severe 38 energy limitations 3 . Despite this, several lines of circumstantial evidence indicate that the 39 deep microbial biosphere is alive 6,7 , but with extremely slow metabolic rates 8,9 and long 40 turnover times of hundreds to thousands of years 2,10 . Although microbial growth (net biomass 41 production) was frequently assumed 10,11 and recently observed in laboratory incubations 12 , 42 concrete evidence of in situ microbial growth in the marine deep biosphere is lacking.
zones 14 and oxic-anoxic transition zones 15 are known to harbor higher microbial abundances 48 than adjacent depths. Higher energy/power availability provided by the intensified redox 49 reactions was invoked to explain this phenomenon. Whether this theory can be generalized to 50 other geochemical transition zones, however, is still unknown. Here we present the 51 geochemistry, microbial ecology, energetics, and genomic characterization of a novel 52 Scalindua anammox bacterium from a nitrate-ammonia transition zone (NATZ, the sediment 53 interval where NO 3 and NH 4 + co-exist), providing compelling evidence for in situ microbial generally agreed with each other, and showed peaks (up to 3.9×10 6 cells g -1 ) in the NATZ in 94 all cores, consistent with the relative abundance profiles ( Fig. 2g ).
95
To explore the factors driving the increase of anammox abundance in the subsurface, 96 we calculated the power supply of anammox as the product of the Gibbs free energy and the 97 modelled rate of anammox 13 . The anammox power supply exhibited the same distribution 98 pattern as the anammox bacterial abundance ( Fig. 2e ), suggesting that the increased power 99 availability allows a higher standing stock of anammox bacteria in this zone. Given our 100 current knowledge of the deep subsurface, this observation strongly suggests in situ growth.
101
However, another scenario that could in principle explain the increases of anammox cells in 102 the NATZs is cell migration enabled by flagellar motility (Fig. 4) oxygen, dissolved manganese, nitrate and ammonium. d) Anammox rate calculated based on model 332 simulation. e) Power supply of anammox calculated as the products of anammox rate and Gibbs free 333 energy per anammox reaction presented in Supplementary Fig. S1 . f) Percentage of anammox bacteria 334 from the genus of Scalindua in the amplicon libraries. g) Anammox bacteria abundance quantified by 335 two methods: 1) qPCR targeting the hzo gene (encoding the hydrazine dehydrogenase) (filled red dots), 336
and 2) estimated as the products of anammox bacteria percentage in (f) and the total cell abundances 337 quantified by 16S rRNA genes (open dots). The NATZ in each core is highlighted by a grey box. 
